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(54) Wireless telecommunications system design based on call demand estimation 



(57) A method for designing a wireless telecommu- 
nications system having a plurality of cells is provided. 
In one embodiment of such a method, a call demand per 
cell is estimated, and a channel demand based thereon 
is determined on a cell-by-cell basis. The cell-by-cell 
channel demand is used to provide a reasonably tight 
upper bound on the number of communication channels 
required to satisfy the system-wide call demand. It is im- 
plicit in the procedure for estimating the upper bound 
that no mutually " interfering" base stations use the same 
channel {i.e., frequency). "Cliques" of mutually-interfer- 
ing base stations or cells are defined. A channel demand 
is determined for each clique by adding up the channel 



demand for each cell in the clique The greatest channel 
demand of all cliques determines a "maximum clique de- 
mand 0 co d . The upper bound on the number of channels 
required to satisfy the system-wide call demand is given 
by the expression: x d ^ 17/12 • oi d when mutually-inter- 
fering cells are adjacent ceils, and is given by the ex- 
pression: x d ^ 2 * & d ' dmtn wn © n mutually interfering 
ceils are adjacent cells and next-to-adjacent cells, 
wherein d min is a minimum channel demand of all cells 
in the system. Having a reasonably-good estimate of the 
upper bound on the system-wide channel requirement, 
a wireless service provider may then seek to obtain or 
allot a commensurate amount of frequency spectrum to 
support its system. 
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Description 

Field of the Invention 

[0001] The present invention relates generally to tel- ' 
ecommunications. More particularly, the present inven- 
tion relates to a method tor designing a wireless tele- 
communications system wherein frequency spectrum 
requirements are estimated. 

1 

Background of the Invention 

[0002] Fig. 1 depicts a schematic diagram of a portion 
of a typical wireless telecommunications system in the 
prior art. Such a system provides wireless telecommu- 1 
nications service to a number of wireless terminals (e. 
g., wireless terminals 101-1 through 103-1) that are sit- 
uated within a geographic region. 
[0003] The heart of a typical wireless telecommunica- 
tions system is Wireless Switching Center ("WSC")1 20, - 
which may also be known as a Mobile Switching Center 
("MSC") or a Mobile Telephone Switching Office ("MT- 
SO"). Typically, WSC 120 is connected to a plurality of 
base stations (e.g., base stations 103-1 through 103-5) 
that arc dispersed throughout the geographic area serv- 
iced by the system. Additionally, WSC 120 is connected 
to local- and toll-offices (e.g., local-office 130, local-of- 
fice 138 and toll-office 140). WSC 120 is responsible for, 
among other things, establishing and maintaining calls 
between wireless terminals and between a wireless ter- 
minal and a wireline terminal, which is connected to the 
system via the local and/or long-distance networks. 
[0004] The geographic area serviced by a wireless 
telecommunications system is partitioned into a number 
of spatially-distinct areas called "cells." As depicted in 
FIG. 1 , each cell is schematically represented by a hex- 
agon; in practice, however, each cell usually has an ir- 
regular shape that depends on terrain topography. Typ- 
ically, each cell contains a base station, which compris- 
es radios and antennas that the base station uses to 
communicate with the wireless terminals in that cell and 
also comprises the transmission equipment that the 
base station uses to communicate with WSC 1 20. 
[0005] As an example of wireless telecommunica- 
tions, when wireless terminal 101-1 desires to commu- 
nicate with wireless terminal 101-2, wireless terminal 
101 -1 transmits the desired information to base station 
103-1 , which relays the information to WSC 120. Upon 
receiving the information, and with the knowledge that 
it is intended for wireless terminal 101-2, WSC 1 20 then 
returns the information to base station 103-1 , which re- 
lays the information, via radio, to wireless terminal 
101-2. 

[0006] The wireless telecommunications described 
above occur over a plurality of communication channels 
Such channels are characterized by a carrier frequency, 
and a bandwidth (e.g., 30 kHz) over which the carrier 
frequency is modulated to carry information content 



Wireless service providers license, at a very substantial 
cost, a band of frequency spectrum sufficient to provide 
an adequate number of communication channels for 
supporting communications within a given wireless sys- 
tem. 

[0007] The amount of spectrum that a provider must 
obtain to support such communications is predominant- 
ly a function of (1 ) the amount of spectrum that a channel 
consumes, (2) the extent to which channels used in any 

o one of the cells can be reused in other cells, (3) the call 
traffic ("call demand" or "traffic demand-) on the system, 
and (4) the acceptable percentage of blocked call at- 
tempts. Regarding (2), channel reuse is limited by chan- 
nel interference. Such interference, which may occur 

s between cells ("co-channel interference") and between 
numerically-consecutive or nearly-consecutive carrier 
frequencies ("adjacent-channel interference"), must be 
kept within acceptable limits. 

[0008] Since spectrum is very expensive, it is disad- 
?o vantageous for a provider to license substantially more 
spectrum than is required for supporting communica- 
tions within its wireless telecommunications system. As 
such, it would be advantageous to have a good estimate 
of that spectrum requirement. Unfortunately, little guid- 
es ance is available for estimating the spectrum require- 
ments lor a wireless telecommunications system. One 
reason for the dearth of information on the subject may 
be the difficulty of estimating such requirements, which 
may be abstracted as a generalization of the notoriously 
30 difficult problem of graph "coloring." In fact, frequency 
spectrum estimation adds an additional degree of com- 
plexity to the already complicated standard graph color- 
ing problem. 

35 Summary of the Invention 

[0009] In accordance with an illustrative embodiment 
of the present invention, a method for designing a wire- 
less telecommunications system is provided. In one em- 

40 bodiment of such a method, a cell layout is developed 
based on field data, call demand per cell is then estimat- 
ed, and a channel demand based on the call demand is 
determined on a cell-by-cell basis. The inventors have 
discovered that using the cell-by-cell channel demand 

45 data, a reasonably tight upper bound on the number of 
communication channels required to satisfy the system- 
wide call demand can be estimated. In the present con- 
text, the phrase "upper bound" means that the required 
number of communication channels will be no greater 

50 than the estimate obtained in accordance with the 
present teachings. 

[0010] It is implicit in the procedure for estimating the 
upper bound that no mutually "interfering" base stations 
use the same channel (i.e., frequency). In a first embod- 
55 iment, only those base stations (cells) that are adjacent 
or "nearest" to one another are considered to be inter- 
fering In a second embodiment nearest and u next-to- 
nearest" base stations are considered to be interfering. 



3 



EP 0 946 074 A2 



4 



[0011] In accordance with the present teachings, 
groups or "cliques" of interfering base stations or cells 
are defined. A wireless telecommunications system 
usually comprises many base stations; as such, a plu- 
rality of cliques may be defined for any given system. A 
channel demand is determined for each clique by add- 
ing up the channel demand for each cell in the clique. 
The greatest channel demand of all cliques determines 
a "maximum clique demand" co d . The upper bound on 
the number of channels required to satisfy the system- 
wide call demand when interfering cells are adjacent 
cells is -given by the expression: 17/12 co d . The up- 
per bound on the number of channels required to satisfy 
the system-wide call demand when mutually-interfering 
cells are adjacent cells and next to adjacent cells is giv- 
en by the expression: % d ^ 2 - co d - d min , wherein d min is 
minimum channel demand, per cell, system wide. 
[0012] Having a reasonably -good estimate of the up- 
per bound on the system-wide channel requirement, a 
wireless service provider may then seek to obtain or allot 
a commensurate amount of frequency spectrum to sup- 
port its system. 

Brief Description of the Drawings 

[001 3] FIG. 1 depicts a schematic of a prior art wire- 
less telecommunications system. 

[001 4] FIG. 2a depicts a flow diagram of a method ac- 
cording to an illustrative embodiment of the present in- 
vention for designing a wireless telecommunications 
system including the estimation of spectrum require- 
ments. 

[0015] FIG. 2b depicts a flow diagram of a method for 
estimating channel demand. 

[001 6] FIG. 3 depicts a portion of the cells in a wireless 
telecommunications system, some of which cells are or- 
ganized into cliques. 

Detailed Description 

[0017] In accordance with an illustrative embodiment 
of the present invention, a method for designing a wire- 
less telecommunications system, including the estima- 
tion of an upper bound on frequency spectrum require- 
ments; is provided The upper bound estimate is based 
on a channel allocation method described in U.S. Pat. 
App. No. , filed on even date herewith entitled "Method 
for Operating a Wireless Telecommunications System, 
" attorney docket. Khanna 3-6. 

[0018] The frequency-spectrum estimate is based on 
a telecommunications system having a plurality of cells 
arranged in the usual hexagonal grid topology illustrated 
in FIG. 1. In accordance with the present teachings, the 
upper bound estimate of frequency spectrum is a func- 
tion of call demand in each cell and intercell interfer- 
ence For the purposes of the present Specification, two 
cells (more properly, base stations) are considered to 
be "interfering" if they are close enough to interfere with 



each other when using the same carrier frequency (i.e., 
channel) for wireless communications. In estimating 
spectrum requirements, any allocation of channels 
among cells in a system must not assign the same fre- 
s quencies to a pair of interfering base stations. As such, 
the frequency-spectrum requirement is the minimum 
number of channels required to support the system- 
wide call demand such that no interfering base stations 
share a frequency in common. 

10 [0019] A method 200 for designing a wireless tele- 
communications system including estimating an upper 
bound on frequency spectrum requirements in accord- 
ance with the present teachings is depicted by flow di- 
agram in FIG. 2a. In operation 202, a channel demand 

is dj is determined by known methods (e.g., queuing the- 
ory) for each cell /in the wireless system. FIG. 2b depicts 
steps in a typical method for estimating cell channel de- 
mand. As indicated in operation 202a (FIG. 2b), a cell- 
layout for the wireless system is developed utilizing 

20 known methods. Such methods include collecting field 
data for generating an RF map of the region. Data for 
such mapping can be obtained using trial transmitters 
and receivers. For example, a transmitter is placed in a 
truck and parked at a first location within the geographic 

25 region to be serviced by the planned wireless system. 
A multiplicity of other trucks each having a receiver and 
a locating device, such as a GPS unit, are driven in the 
vicinity of the first location, and record received signal 
strength and location. The transmitting truck is then 

30 moved to a second location, further readings are ob- 
tained, and the procedure is again repeated. In this man- 
ner, the geographic region comprising the planned wire- 
less telecommunications system is RF-mapped. 
[0020] A grid of hexagonal-shaped cells is placed 

35 over the RF map. Base stations are positioned within 
each cell to provide, to the extent possible, adequate 
communications coverage for that cell. Such positioning 
considers, among other factors, the RF propagation 
characteristics within the cell as affected by terrain to- 

40 oology, man-made structures and the like. 

[0021] In operation 202b, call traffic is estimated with- 
in each cell by known methods, which may consider his- 
torical usage factors, projected sales of wireless termi- 
nals, etc. In operation 202c, queuing theory is applied 

45 to determine the channel demand d, for each cell / in the 
system. For example, based on the estimated traffic de- 
mand and an estimated cal! duration, those skilled in the 
art can use Erlang tables to determine channel demand. 
[0022] In operation 204 of method 200, "maximum 

50 clique demand" co d is determined. As used herein, the 
term "clique" refers to a group of mutually-interfering 
base stations. In embodiments wherein only co-channel 
interference (not adjacent channel interference) be- 
tween nearest (i.e., adjacent) cells is considered, clique 

55 size is 3. This is apparent from FIG. 3, which depicts a 
grid of hexagonal cells representative of the cells of a 
wireless telecommunications system Base stations (or 
cells) 303-1, 303-2 and 303-3 form a first clique CL1 . 
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Other base stations, such as 303-4, 303-5 and 303-6, 
do not belong to CL1 because such base stations are 
not "nearest cells" to at least some of the base stations 
in first clique CL1 . For example, while base station 303-5 
is adjacent to base station 303-1 of first clique CL1 , it is 
not adjacent to the other first clique base stations (i.e., 
base stations 303-2 and 303-3). Base station 303-5 and 
base station 303-1 do, however, belong to another 
clique with 303-4; second clique CL2. It is clear that in 
a typical wireless telecommunications system, there will 
be many such cliques. 

[0023] In embodiments wherein nearest- and next-to- 
nearest co-channel interference is considered, clique 
size is 7. Third clique CL3 depicted in FIG. 3 represents 
such a seven-membered clique, and includes base sta- 
tions (or cells) 303-7 : 303-8, 303-9, 303-10, 
303-1 1 ,303-1 2, and 303-1 3. 

[0024] The parameter "co* "the "maximum clique de- 
mand," is defined as follows. As previously noted, a 
channel demand d- t is determined for each cell in the 
wireless system. In first clique CL1 , cell 303-1 has chan- 
nel demand d 1 , cell 303-2 has channel demand d 2 , and 
cell 303-3 has demand d y In clique CL2, cell 303-5 has 
channel demand d 5 , cell 3034 has channel demand d 4 , 
and, as already indicated, cell 303-1 has channel de- 
mand d v For illustrative purposes, it is assumed that d 1 
= 2 (i.e., 2 channels are sufficient to satisfy the call de- 
mand in cell 303-1), d 2 = 3, d 3 = 3, d 4 = 2, and d s = 2. 
Given the foregoing channel demands, clique CLI has 
a total demand of 2 + 3 + 3 - 8, and clique CL2 has a 
total demand of 2 + 2 + 2 = 6. As between cliques CL1 
and CL2, clique CL1 has the maximum clique demand. 
For the foregoing example, c» d = 8. Maximum clique de- 
mand to** is thus the demand of the clique having the 
greatest channel demand of all cliques in the system. 
[0025] Having determined the maximum clique de- 
mand, an upper bound on the number of channels re- 
quired to satisfy the system-wide call demand in the 
wireless telecommunications system is estimated, as in- 
dicated in operation 206 of method 200. The present in- 
ventors have found that for embodiments wherein only 
co-channel interference between nearest cells is con- 
sidered, the upper bound on the number of channels x d 
required for satisfying the demand is given by: 

[1] % d < 17/12 to". 

[0026] Moreover, the present inventors have found 
that for embodiments in which co-channel interference 
between nearest and next-to-nearest cells is consid- 
ered, the upper bound on the number of channels re- 
quired for satisfying call demand is given by: 

[2] x"s2<o t '-d min , 
wherein: d min is the minimum channel demand per cell, 



system-wide. 

[0027] In a previous example, clique CL1 was deter- 
mined to have a demand of 8. If clique CL1 is determined 
to define the maximum clique demand for a system, 
5 then, considering only nearest cell co-channel interfer- 
ence: 

[3] X d < 17/12(8) <1 2. 

10 

Thus, given a maximum clique demand of 8 and consid- 
ering only nearest-cell co-channel interference, no more 
than 12 frequencies are required to satisfy the call de- 
mand in the wireless system. 

15 [0028] In the earlier example addressing nearest- and 
next-to-nearest cell interference, illustrative third clique 
CL3 (FIG. 3) was defined to include cells or base sta- 
tions 303-7, 303-8, 303-9, 303-10, 303-11, 303-12, and 
303-1 3. For illustrative purposes, it is assumed that the 

20 channel demands for those cells are dj = 2, d e = 3, d 9 = 
2, d w = 2, d^ = 2, d,2= 3, and d 13 = 2, respectively 
Assuming that clique CL3 defines a maximum clique de- 
mand for a system, which in the present example is 2 + 
3 + 2+2 + 2 + 3+2 = 16, and, given such channel de- 

25 mands, d min is 2, then: 

[4] X d ^2(16)-2<30. 

30 Thus, given a maximum clique demand of 16 and con- 
sidering nearest and next-to-nearest cell co-channel in- 
terference, no more than 30 frequencies are required to 
satisfy the call demand in the wireless system. 
[0029] Expressions [1 ] - [4] do not consider the effects 

35 of adjacent-channel interference on spectrum require- 
ments. Adjacent-channel interference, which is typically 
weaker than co-channel interference, arises from the 
fact that the frequencies in the spectrum have a natural 
ordering that rules out the use of consecutive or nearby 

40 frequencies. The effect of such adjacent-channel inter- 
ference is now addressed. Only adjacent channel inter- 
ference occurring within a given cell is considered here- 
in. While adjacent channel interference between adja- 
cent cells may exist, such interference is substantially 

45 weaker than the other forms of interference mentioned 
herein and can reasonably be ignored. 
[0030] The present inventors have found that for em- 
bodiments in which nearest-cell co-channel interference 
and adjacent-channel interference are considered, the 
50 upper bound on the system-wide channel requirement 
\y d is given by: 

[5] v l /^3^ in + 2(o/-2d rnjn ) ) 

55 

where: d min is minimum channel demand per cell, 
system-wide. 

For example, assuming d min = 2, and co d - 8, then: 
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[6] y d < 3(2) + 2(6 - 2(2)] < 14. 

Thus, for the illustrative example, the upper bound on 
the system-wide channel requirement increases from 
12 to 14 when adjacent-channel interference is consid- 
ered. (See expression [3]). 

[0031] It has been found, surprisingly, that for embod- 
iments in which adjacent-channel interference is con- 
sidered in conjunction with nearest- and next -to- near- 
est- cell co-channel interference, the upper bound on 
frequency spectrum y d is given by: 

[7] ¥ d < 2 co d 

[0032] Details concerning the derivation of expres- 
sions are not necessary for understanding or using the 
present invention, and, as such, are not presented here- 
in. Such details are provided in a paper by the inventors 
entitled "On Wireless Spectrum Estimation and Gener- 
alized Graph Coloring/ presented at IEEE INFOCOM 
'98, March 29 - April 2, 1 993 in San Francisco, Ca. (1 7th 
Annual Joint Conf. Of the IEEE Computer and Commu- 
nications Society), incorporated herein by reference. 
[0033] Finally, as indicated in operation 208 of method 
200, after having estimated the upper bound of the 
channel requirement, a wireless spectrum provider ob- 
tains a band of spectrum consistent therewith (assum- 
ing some channel bandwidth). If the provider already 
has the spectrum, then it is allotted consistent with the 
determined upper bound. 

[0034] It is to be understood that the embodiments de- 
scribed herein are merely illustrative of the present in- 
vention. Other embodiments can be devised in applica- 
tion of the present teachings by those of ordinary skill in 
the art without departing from the scope and spirit of the 
invention. It is therefore intended that such other em- 
bodiments be included within the scope of the following 
claims and their equivalents. 



Claims 

1 . A method for designing a wireless telecommunica- 
tions system having a plurality of cells : comprising 
the steps of: 

estimating a channel demand for each cell 
based on call demands within each cell; 
determining a maximum channel demand <o rf 
among all groups of mutually-interfering cells 
based on the estimated channel demand for 
each cell, wherein the interference between 
mutually-interfering cells is co-channel interfer- 
ence; 

calculating a number of communication chan- 
nels x d required to satisfy call demands 



in all cells of the system according to the ex- 
pression: x d ^ 17/12 • when mutually-inter- 
fering cells are adjacent cells, and according to 
the expression 2 ■ t» d - d min when mutually 

s interfering cells are adjacent cells and next-to- 

adjacent cells, wherein d min is a minimum chan- 
nel demand of all cells in the system; 
allotting a band of frequency spectrum for use 
in the system sufficient to provide the calculat- 

io ed number of communication channels based 

on a desired channel bandwidth. 

2. The method of claim 1 , wherein the step of estimat- 
ing channel demand further comprises the step of 

f5 estimating call demand in each cell. 

3. The method of claim 2, wherein the step of estimat- 
ing channel demand further comprises the step of 
developing a cell-layout based on field data. 

20 

4. The method of claim 3, further comprising obtaining 
the field data using mobile transmitters, receivers 
and locating devices. 

25 5. The method of claim 2, wherein the step of estimat- 
ing channel demand further comprises the step of 
using Erlang tables to express call demand as 
channel demand. 

30 6. The method of claim 1 , wherein the desired channel 
bandwidth is in the range of about 20 to 50 kHz. 

7. A wireless telecommunications system comprising: 

35 a first plurality of cells; and 

a base station situated within each cell, each 
base station operable to communicate with 
wireless terminals within the same cell and oth- 
er base stations in other cells; 

40 wherein, the wireless communications system 

uses a band of frequency spectrum over which 
intracell communication occurs, which band is 
segregated into a number of channels sufficient 
to satisfy system-wide call demand, wherein 

45 the number of channels, and hence the band of 

frequency spectrum, is estimated by: 
estimating a channel demand for each cell 
based on call demand within each cell; 
determining a maximum channel demand co d 

50 among all groups of mutually-interfering cells 

based on the estimated channel demand for 
each cell, wherein the interference between 
mutually-interfering cells is co-channel intcrfer 
ence; and 

55 calculating a number of communication chan- 

nels x d required to satisfy call demands in all 
cells of the system according to the expression: 
X d < 17/12 - to d when mutually-interfering cells 
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are adjacent cells, and according to the expres- 
sion: 2 • <o d - d m/n when mutually interfering 
cells are adjacent cells and next-to-adjacent 
cells, wherein d mjn is a minimum channel de- 
mand of all cells in the system. 5 
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